Introduction
The mechanical and electrical properties of ceramic materials are extremely sensitive to the ceramic microstruc ture. For the microscopic study of morphology, a suitable etching method must be applied on a polished surface in or der to develop the microstructure. In the case of metals, soft chemical etching is typically used. However, it is difficult to apply the same method to corrosionresistant materials such as ceramics. The microstructure of ceramics is usually ex amined by observation of the characteristics of a fractured surface (fractography), a strong chemical etched surface, or a thermally etched surface.1),2) In the case of these observa tions, there remains a small doubt that some of the detailed microstructure might be lost. Another possible process for the microscopic study of morphology is cathode sputtering. In sputtering using the conventional apparatus, the etching rate is too slow. Therefore, a new etching process for ceram ics is desired so as to accurately observe the microstruc ture. The Penning discharge microsputtering technique has been developed by Sugita et al.3)8) This technique, called "microetching," permits the removal of a small area of the surface by etching any substrate material, be it an in sulator, a semiconductor or a metal and is also utilized for in lays on hard materials as well as to flatten the surface of dia mond films. In the present research, the application of this microetching technique to the etching of ceramic materials, is examined for the study of the microstructure of some ce ramic materials.
2.
Experimental procedure Figure 1 depicts a cross section of the microetching ap paratus that is divided into a discharge chamber and a speci men chamber. In the discharge chamber, there are two parallel flat cathodes (C1, C2) and located between them is a cylindrical anode (A). A magnetic field of 0.1 T is applied vertically by external magnets (B The ceramic specimens investigated in this study are list ed in Table 1 . These specimens were fabricated by the hot isostatic pressing (HIP) method. The surfaces to be etched were prepared by mechanical polishing using a diamond paste with grains of diameter of 0.3ƒÊm. 3.5 Alumina zirconia mullite complex ceramics (Al2O3-ZrO2-Al6Si2O13) A SEM micrograph of the surface of the Al2O3-ZrO2-Al6 Si2O13 complex ceramic after microetching for 20min is shown in Fig. 6 (a) 
Conclusions
The microetching technique provides a larger amount of useful information regarding the detailed morphology of ceramics, compared with other, more conventional, tech niques. In addition, this technique removes stains and shal low scratches from the ceramic surfaces more easily than conventional techniques. The use of target materials that are more easily oxidized than gold enhances the microetch ing process and produces a surface that is more readily ob servable.
